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(54) Dual mode communication device and method of operation 

(57) A short-range radio transmitter of a communi- 
cation device comprising a short-range radio and a 
long-range radio is controlled to delay packets which 
are scheduled to be transmitted at the same time as a 
long-range transmitter of the long-range radio com- 
mences or discontinues to transmit. A frequency syn- 
thesizer of the short-range radio is thereby not affected 
by a change in the power supply voltage which other- 
wise occurs at these moments due to transmission with 
high power by the long-range transmitter. 
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Description 

TECHNICAL FIELD OF INVENTION 

[0001] The present invention relates to communica- 
tion devices and their method of operation and, in par- 
ticular, to communication devices comprising a first 
radio, e.g. a long-range radio, and a second radio, e.g. 
a short-range radio. 

DESCRIPTION OF RELATED ART 

[0002] Communication devices comprising two radios 
for operating in, for example, a short-range radio system 
and a long-range radio system are known in the art. The 
terminology of long-range radio system and short-range 
radio system refers to that the maximum power of trans- 
mission in a long-range radio system is greater than the 
maximum power of transmission in the short-range 
radio system. It should be noted, however, that the 
actual range in terms of distance could in fact be greater 
for the short-range radio than for the long-range radio. 
The long-range radio system may be used by the com- 
munication device to communicate with, for example, a 
base station in a cellular radio system. The short-range 
radio system may be used by the communication device 
to communicate with other devices in its surrounding, 
such as a home base station or an office base station. 
Another application for the short-range radio system is 
communication between a mobile phone, such as a cel- 
lular phone, and a hands-free equipment, for example, 
installed in a car. 

[0003] Normally the short-range radio and the long- 
range radio of the communication device comprise fre- 
quency synthesizers for generating the signals to be 
transmitted by the respective radios. In most cases the 
frequency synthesizers operate well when the power 
supply provides a constant voltage. Even when power is 
supplied from a battery and the battery voltage changes 
slowly over time due to the charging status of the bat- 
tery, the power supply voltage can be considered con- 
stant during a burst transmission. 
[0004] Whilst the known communication device 
described above functions quite adequately, it does 
have a number of disadvantages. 
[0005] A voltage drop at the power supply may be 
experienced when the long-range radio transmits. The 
reason for this is that the long-range radio often trans- 
mits with a relatively high power level which results in a 
large supply current from the power supply. The imped- 
ance of the power supply distribution lines and, if a bat- 
tery makes up the power supply, the internal impedance 
of the battery result in the voltage drop. The output fre- 
quency of the frequency synthesizer used in the short- 
range radio system will change due to this voltage drop. 
Consequently, if the short-range radio is transmitting 
when the power supply voltage is dropping or recover- 
ing, due to the commencing or discontinuing of trans- 



mission by the long-range radio, the signal transmitted 
by the short-range radio will also change, in such a case 
a problem arises in that a receiver of another short- 
range radio device may have difficulties in receiving and 
5 decoding the signal transmitted by the short-range 
radio. 

[0006] It is an object of the present invention to pro- 
vide a communication device and a method of operating 
a communication device which overcome or alleviate 
10 the above mentioned problem. 

SUMMARY 

[0007] According to an aspect of the present invention 
15 there is provided a method of operating a communica- 
tion device comprising circuitry for non-continuous 
transmission in a first radio system and circuitry for non- 
continuous transmission in a second radio system, the 
method comprising the step of avoiding transmission by 
20 the communication device within the second radio sys- 
tem which is planned to occur at the points in time the 
first radio system will commence or discontinue to trans- 
mit. 

[0008] According to a further aspect of the present 
25 invention there is provided a communication device for 
communication in a first radio system and in a second 
radio system comprising a first radio transmitter for 
transmitting a signal to a radio apparatus in the first 
radio system, first controller means for controlling the 
30 operation of the first radio transmitter, a second radio 
transmitter for transmitting a signal to a radio apparatus 
in the second radio system, and second controller 
means for controlling the operation of the second radio 
transmitter, wherein the second controller means is 
35 adapted to avoid transmission by the second radio 
transmitter which is planned to occur at the points in 
time the first radio system will commence or discontinue 
to transmit. 

[0009] The method of operating a communication 

40 device and the communication device achieve the 
advantage that a signal transmitted by the second radio 
transmitter, e.g. a short-range radio transmitter, is not 
affected by the operation of the first radio transmitter, 
e.g. long-range radio transmitter. 

45 [0010] According to a further aspect of the present 
invention transmission by the communication device 
within the second radio system which is planned to 
occur during periods of time the first radio system will 
transmit is avoided. 

so [001 1 ] The advantage of this is that the second trans- 
mitter, e.g. a short-range radio, cannot be affected by 
the operation of the first transmitter, e.g. a long-range 
radio, since they never transmit at the same time. 
[001 2] Preferably, transmission is avoided by delaying 

55 or advancing transmission within the second radio sys- 
tem. 

[001 3] In a further aspect of the present invention the 
transmission within the second radio system, e.g. a 
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short-range radio system, takes place as packets, each 
packet being transmitted within a time-slot of a frame 
and each frame being made up of a number of time- 
slots. 

[0014] According to a further aspect of the present 
invention each time-slot is partitioned into two pre- 
defined parts. In the first part the second radio, e.g. a 
short-range radio, of the dual communication device is 
allowed to transmit, i.e. another short-range radio is 
receiving. In the second part the short-range radio of 
the other short-range radio is allowed to transmit, i.e. 
the short-range radio of the dual communication device 
is receiving. 

[0015] According to a further aspect of the present 
invention transmission is avoided during at least the 
whole of the time-slot in which it is decided that trans- 
mission is to be avoided. 

[0016] The advantage of this is that if another radio 
device, e.g. another short-range radio device, is only 
allowed to transmit in a time-slot where it has received a 
transmitted packet from the second radio, e.g. the short- 
range radio, of the dual radio communication device, the 
dual radio communication device can control the trans- 
mission of this other radio device, i.e. the other short- 
range radio device, such that it occurs only during peri- 
ods of time when the dual radio communication device 
knows that its first radio transmitter, i.e. the long-range 
radio transmitter, will not commence or discontinue to 
transmit. Consequently, the second radio receiver, i.e. 
the short-range radio receiver, of the dual radio commu- 
nication device does not need to receive a radio signal, 
i.e. a short-range radio signal, during periods of time 
when the receiver frequency synthesizer may be dis- 
turbed due to a change in the potential of the power 
supply. 

[0017] Preferably, the method of operating a commu- 
nication device further comprises the step of determin- 
ing if a packet to be delayed, as a result of delaying 
transmission within the second radio system, includes 
compressed data covering one slot and if so replacing 
the packet to be delayed with a packet of the type corre- 
sponding to compressed data covering several slots. 
[0018] Preferably, the communication device further 
comprises means for determining if a packet to be 
delayed, as a result of delaying transmission within the 
second radio system, includes compressed data cover- 
ing one slot, and means for replacing the packet to be 
delayed with a packet of the type corresponding to com- 
pressed data covering several slots if the packet corre- 
sponds to a packet with compressed data covering one 
slot. 

[0019] Advantageously, the method of operating a 
communication device further comprises the step of 
establishing the number of slots, set equal to n, the 
packet to be delayed will be delayed, and wherein the 
packet to be delayed is replaced with a packet of the 
type corresponding to compressed data covering m 
slots, where m is equal to n + 1 . 



[0020] Advantageously, the communication device fur- 
ther comprises means for establishing the number of 
slots, set equal to n, the packet to be delayed will be 
delayed, and wherein the means for replacing the 

s packet to be delayed replaces the packet with a packet 
of the type corresponding to compressed data covering 
m slots, where m is equal to n + 1 . 
[0021] The advantage with this is that packets with 
compressed data covering one slot can be delayed 

io although they should have been transmitted every slot. 
[0022] According to a further aspect of the present 
invention there is provided a method of operating a 
communication device comprising circuitry for commu- 
nication in a radio system in which transmission takes 

is place as bursts, each burst being transmitted within a 
time-slot of a frame and each frame being made up of a 
number of time-slots, the method comprising the steps 
of i) establishing information representing the points in 
time a time-slot begins and ends, ii) receiving a trans- 

20 mitted radio burst in the radio system, iii) establishing 
whether the received radio burst is received during said 
time-slot and iv) allowing returned transmission within 
the time-slot only if a packet was received during the 
time-slot. 

25 [0023] According to a further aspect of the present 
invention there is provided a communication device for 
communication in a radio system in which transmission 
takes place as bursts, each burst being transmitted 
within a time-slot of a frame and each frame being made 

30 up of a number of time-slots, the device comprising a 
radio transmitter for transmitting a signal to a radio 
apparatus in the radio system, controller means for con- 
trolling the operation of the radio transmitter, a radio 
receiver for receiving a transmitted burst from a radio 

35 apparatus in the radio system, first means for establish- 
ing information representing the points in time a time- 
slot begins and ends, second means for establishing 
whether a received radio burst is received during said 
time-slot and wherein the controller means allows the 

40 radio transmitter to transmit during said time-slot only if 
a radio burst has been received during the time-slot. 
[0024] The advantage of this method of operating a 
communication device and this communication device 
is that transmission can be controlled to occur under 

45 control by another radio device. This allows the other 
radio device to avoid the need for receiving a radio sig- 
nal when it is unsuitable. This may be during periods of 
time when the other radio device knows that a separate 
transmitter will commence or discontinue to transmit 

so and, consequently, may disturb a receiver frequency 
synthesizer due to a change in the potential of its power 
supply. 

[0025] The advantage that a signal transmitted by the 
second radio, e.g. a short-range radio, is not affected by 
55 the operation of the first transmitter, e.g. a long-range 
transmitter, is achieved by avoiding transmission by the 
communication device within the second radio system, 
i.e. the short-range radio system, which is planned to 
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occur at the points in time the first radio system, i.e. the 
long-range radio system, will commence or discontinue 
to transmit. 

[0026] The advantage that packets with compressed 
data covering one slot can be delayed although they 
should have been transmitted every slot is achieved by 
replacing the packet to be delayed with a packet of the 
type corresponding to compressed data covering sev- 
eral slots if the packet corresponds to a packet with 
compressed data covering one slot. 
[0027] The advantage that transmission can be con- 
trolled to occur under control by another radio device is 
achieved by allowing returned transmission within the 
time-slot only if a packet was received during the time- 
slot. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0028] 

FIG 1 shows a communication system comprising a 
short-range radio system and a long-range radio 
system; 

FIG 2 shows a block diagram illustrating a commu- 
nication device according to the present invention; 
FIG 3 shows a circuit diagram of a frequency syn- 
thesizer illustrating an aspect of the present inven- 
tion; 

FIG 4 shows a circuit diagram of an oscillator illus- 
trating an aspect of the present invention; 
FIG 5 shows timing diagrams illustrating the opera- 
tion of a conventional communication device and a 
communication device according to a first embodi- 
ment of the present invention; 
FIG 6 shows timing diagrams illustrating the opera- 
tion of a conventional communication device and a 
communication device according to a second 
embodiment of the present invention; 
FIG 7 shows timing diagrams illustrating the opera- 
tion of a conventional communication device and a 
communication device according to a third embodi- 
ment of the present invention; 
FIG 8 shows timing diagrams illustrating the opera- 
tion of a conventional communication device and a 
communication device according to a fourth 
embodiment of the present invention; 
FIG 9 shows a flow diagram illustrating a method of 
operating a communication device according to an 
embodiment of the present invention; 
FIG 10 shows a flow diagram illustrating a method 
of operating a communication device according to 
an embodiment of the present invention; 
FIG 1 1 shows a flow diagram illustrating a method 
of operating a communication device according to 
an embodiment of the present invention; 
FIG 12 shows a flow diagram illustrating a method 
of operating a communication device according to 
an embodiment of the present invention. 



DETAILED DESCRIPTION OF EMBODIMENTS 

[0029] Embodiments of the present invention are 
described below, by way of example only. 

s [0030] FIG 1 shows a communication system 100 
comprising a short-range radio system and a long- 
range radio system. The long-range radio system can 
be a cellular radio system, e.g. the GSM (Global Sys- 
tem for Mobile communications). The long-range radio 

10 system comprises at least one base station 101 and at 
least one communication device such as a mobile com- 
munication device 102 or a fixed communication device 
103. In the example of FIG 1, a mobile communication 
device 102 communicates with the base station 101 by 

is means of the long-range radio system as is indicated by 
arrow 104. The mobile communication device may also 
communicate with a fixed communication device 103 by 
means of the short-range radio system. In FIG 1 this is 
indicated by arrow 105. The terminology of long-range 

20 radio system and short-range radio system refers to that 
the maximum power of transmission in a long-range 
radio system is greater than the maximum power of 
transmission in the short-range radio system. It should 
be noted, however, that the actual range in terms of dis- 

25 tance could in fact be greater for the short-range radio 
than for the long-range radio. In the example of FIG 1 
the mobile communication device 102 also communi- 
cates with a hands-free equipment 1 09 by means of the 
short-range radio system as is illustrated by the arrow 

30 110. The fixed communication device 103 communi- 
cates with the base station 101 by means of the long- 
range radio system illustrated by arrow 106 or with a 
Public Switched Telephone Network, PSTN, through a 
wire connection 107. Often the fixed communication 

35 device 103 is only adapted to communicate with either 
the base station 101 or the PSTN. The fixed communi- 
cation device 103 may also comprise a holder 108 
where a mobile communication device can be placed. 
When a mobile communication device is placed in the 

40 holder it may be charged by a charger built into the fixed 
communication device. 

[0031] Various alternatives of operation exist. For 
example, a subscriber of a mobile communication 
device 102 may communicate with another subscriber 

45 either by connecting the call by means of the long-range 
radio system (arrow 1 04) via the base station 1 01 , or by 
connecting the call by means of the short-range radio 
system (arrow 105) via the fixed communication device 
103 which, in turn, establishes a connection by means 

so of the long-range radio system (arrow 1 06) or by means 
of the PSTN. In the case where the short-range radio is 
involved the fixed communication device 1 03 performs a 
relay function between the mobile communication 
device 102 and the long-range radio system or the 

55 PSTN. Similarly, the mobile communication device 102 
may act as a relay station between the hands-free 
equipment 109 and the long-range radio system (arrow 
104) or the short-range radio system (arrow 105). It 
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should be understood that the short-range radio system 
may be used in several other applications (not shown). 
[0032] A communication device having the possibility 
to communicate by means of the short-range radio sys- 
tem as well as the long-range communication system is 
referred to as a dual radio communication device. 
[0033] FIG 2 shows a block diagram illustrating a dual 
radio communication device 200 according to the 
present invention. Data, LR/T x Data, to be transmitted by 
means of the long-range radio system is provided to a 
transmit input of a long-range signal processing unit, 
LR/SPU, 201. A transmit output of the LR/SPU is con- 
nected to a long-range transmitter, LR/T X , 202. The out- 
put of the LR/T X 202 is connected to a first antenna 203 
constituting a first air-interface. The first antenna 203 is 
also connected to a long-range receiver, LR/R X , 204. 
The output of the LR/R X 204 is connected to a receiver 
input of the LR/SPU 201. The LR/SPU 201 has a 
receiver output for providing long-range received data, 
LR/R x Data. The LR/SPU 201 and the LR/T X 202 are 
controlled by a long-range transmit controller, LR/T X 
Controller, 205, illustrated in FIG 2 by the bi-directional 
connections between the LR/T X Controller 205 and the 
LR/SPU 201 and the LR/T X , respectively. 
[0034] Similarly, data, SR/T x Data, to be transmitted by 
means of the short-range radio system is provided to a 
transmit input of a short-range signal processing unit, 
SR/SPU, 211. A transmit output of the SR/SPU is con- 
nected to a short-range transmitter, SR/T X , 212. The 
output of the SR/T X 212 is connected to a second 
antenna 213 constituting a second air-interface. The 
second antenna 213 is also connected to a short-range 
receiver, SR/R X , 214. The output of the SR/R X 214 is 
connected to a receiver input of the SR/SPU 211. The 
SR/SPU 21 1 has a receiver output for providing short- 
range received data, SR/R x Data. The SR/SPU 21 1 and 
the SR/T X 212 are controlled by a short-range transmit 
controller, SR/T X Controller, 215, illustrated in FIG 2 by 
the bi-directional connections between the SR/T X Con- 
troller 215 and the SR/SPU 21 1 and the SR/T X , respec- 
tively. 

[0035] The operation of the LR/T X Controller 205 and 
the SR/T X Controller are controlled by a transmit con- 
troller, T x Controller, 220. 

[0036] The inputs and outputs of the LR/SPU and the 
SR/SPU referring to LR/T x Data, LR/R x Data, SR/T x Data 
and SR/R x Data are connected to other functional blocks 
(not shown) of the dual radio communication device. For 
example, the LR/T x Data may be generated by a speech 
encoder and represent an encoded format of a voice 
signal picked up by a microphone and the LR/R x Data 
may be forwarded to a speech decoder for generating a 
voice signal by means of a loudspeaker. The SR/T x Data 
and SR/R x Data may be connected in a similar manner. 
[0037] Several alternative embodiments of the dual 
radio communication device are conceivable. For exam- 
ple, duplex filters may be introduced to connect the 
antennas 203, 213 to the transmitters 202, 212 and 



receivers 204, 214, respectively. Preferably, the long- 
range and short-range radio elements and the signaling 
processing units are commonly implemented such as to 
reuse common parts as much as possible. It is also pos- 

s sible to design the transmitters 202, 212 and receivers 
204, 214 such that a common antenna can be used 
instead of the first and second antennas. Furthermore, 
the LR/T X Controller, SR/T X Controller and the T x Con- 
troller are preferably implemented as one controller. 

10 [0038] The LR/SPU 201 and the SR/SPU 21 1 include, 
for example, circuitry for digitizing the signal from the 
receivers 204, 214, channel coding, channel decoding 
and interleaving. FIG 3 shows a circuit diagram of a fre- 
quency synthesizer 300, also referred to as an open- 

15 loop modulator, which may be incorporated in the 
SR/SPU 21 1 . The frequency synthesizer 300 generates 
an output signal, having a frequency f out , which is for- 
warded to and transmitted by the SR/T X 212. The 
LR/SPU 211 may incorporate a similar frequency syn- 

20 thesizer for generating an output signal to be transmit- 
ted by the LR/T X 202. The frequency synthesizer 300 
comprises a phase detector 301 comprising a first input 
for receiving a reference frequency signal having fre- 
quency f re f, and a second input for receiving an output 

25 signal of a frequency divider, -^N, 302 having frequency 
f N . The output of the phase detector 301 is connected to 
a first terminal of a resistor 303. The second terminal of 
the resistor 303 is connected to a first terminal of a 
switch 304. A second terminal of the switch 304 is con- 

30 nected to a first terminal of a capacitor 305 and to a first 
input terminal of a voltage adding means 306. The first 
and the second terminals of the switch 304 are only 
connected to each other when the switch is closed. The 
switch is controlled by a controller (not shown). The sec- 

35 ond terminal of the capacitor 305 is connected to 
ground potential. A second input terminal of the voltage 
adding means 306 receives a modulation signal labeled 
V mod . The output terminal of the voltage adding means 
306 is connected to an input of a voltage controlled 

40 oscillator 307. The output of the voltage controlled oscil- 
lator 307, which constitute the output signal of the fre- 
quency synthesizer 300, is connected to an input of the 
frequency divider 302. The frequency divider receives a 
control signal, having a value N, from a controller (not 

45 shown). The elements of the frequency synthesizer are 
provided with power from a power supply, V dd . Power 
supply to the voltage adding means 306 and the voltage 
controlled oscillator 307 is illustrated in FIG 3 by a 
dashed line connecting them to the power supply, V^. 

so [0039] In operation, the switch 304 is first closed and 
the modulation signal, V mod , is held constant at a pre- 
defined level. The frequency synthesizer will now oper- 
ate as a phase-locked loop, PLL. The phase detector 
301 compares the phase of the reference frequency sig- 

55 nal to the phase of the output signal of the frequency 
divider 302. The voltage outputted by the phase detec- 
tor charges or discharges the capacitor 305. The volt- 
age at the first terminal of the capacitor 305 is added to 
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the modulation voltage, V mod , and the output voltage of 
the voltage adding means 306, i.e. the sum of the two 
voltages inputted to the voltage adding means 306, is 
forwarded to the input of the voltage controlled oscillator 
307. The voltage controlled oscillator generates an out- 
put signal having frequency f out which depends on the 
inputted voltage. In the frequency divider 302 the fre- 
quency f out is divided by N. The generated output signal, 
having the frequency f N = f out / N , is forwarded to the 
phase detector 301 . 

[0040] After a while the output frequency, f oul , of the 
frequency synthesizer 300 stabilizes at a frequency 
equal to the reference frequency, f ref , times the division 
factor, N (i.e. f out = f ref x N). The potential at the first 
terminal of the capacitor 305, V tune , has then assumed 
the potential V^cted- When the switch 304 is opened the 
output frequency f out of the frequency synthesizer 300 
will remain fairly constant since the capacitor 305 keeps 
the voltage at its first terminal V tune » Vi^*^. Of course 
in the long run the capacitor 305 will discharge and the 
output frequency f^ will change but, as is well known in 
the art, with a proper choice of capacitor 305 in combi- 
nation with a low-current consuming input of the voltage 
adding means 306 the output frequency, f out( can be 
considered to be constant for at least a specified period 
of time. Preferably this specified period of time exceeds 
the period of time needed for a particular signal to be 
transmitted, i.e. during a transmission burst or during 
transmission of a packet. By varying the modulation sig- 
nal, V mod , the output voltage of the voltage adding 
means 306 will be varying accordingly and the voltage 
controlled oscillator 307 will generate a correspondingly 
modulated frequency. 

[0041] FIG 4 shows a circuit diagram of an oscillator 
circuit 400 which may be an implementation of the volt- 
age adding means 306 (FIG 3) and the voltage control- 
led oscillator 307 (FIG 3) discussed above. The power 
supply, V dd , is connected to a first terminal of an induc- 
tor 401. The second terminal of the inductor 401 is con- 
nected to a first terminal of a capacitor 402 and to an 
input terminal of an amplifying circuit 403. The second 
terminal of the capacitor 402 is connected to a cathode 
terminal of a capacitance diode, also called varicap, 
404. The capacitance, C vc , of a varicap is dependent on 
the voltage across the component. The voltage across 
the component is labeled V vc in FIG 4. Normally, the 
capacitance, C, is in inverse proportion to the square 
root of the voltage across the component V vc , i.e. C ~ 
( v vc)"^- Tn e anode terminal of the capacitance diode 
404 is connected to a first terminal of a first resistor 405. 
The second terminal of the first resistor 405 is con- 
nected to ground potential. The potential at the first ter- 
minal of the capacitor 305 (FIG 3), V tune , is connected to 
a first terminal of a second resistor 406. The second ter- 
minal of the second resistor 406 is connected to the 
cathode terminal of the capacitance diode 404. The 
modulation signal, V mod , (FIG 3) is connected to a first 
terminal of a third resistor 407. The second terminal of 



the third resistor 407 is connected to the anode terminal 
of the capacitance diode 404. The amplifying circuit is 
only drawn schematically and the input impedance, 
illustrated as an impedance element 408, is designed to 

s have a negative value. The design of an amplifying cir- 
cuit having a negative input impedance is well known in 
the art of amplifying circuits. The frequency of the out- 
put signal of the amplifying circuit 403 is labeled f out 
which corresponds to f out in FIG 3. 

jo [0042] The oscillator circuit 400 forms a resonator, 
which oscillates with a frequency dependent on the 
inductance of the inductor 401, the capacitance of the 
capacitor 402 and the capacitance diode 404, according 
to well known principles. The oscillating frequency is 

is affected by V tune and V mod since the potentials of these 
signals influence the potential, V vc , across the capaci- 
tance diode 404 and, hence, its capacitance. It should 
be noted that the oscillating frequency is also affected 
by the potential of the power supply, V^. If the potential 

20 of the power supply changes the potential, V vc , across 
the capacitance diode 404 will also change and, conse- 
quently, the capacitance of the capacitance diode. 
[0043] The influence of the voltage of the power sup- 
ply, V dd , does normally not provide any problems. Even 

25 when power is supplied from a battery and the battery 
voltage changes slowly over time due to the charging 
status of the battery, the potential can be considered to 
be constant during a short transmission burst. 
[0044] In the case where the communication device 

30 comprises a long-range radio and a short-range radio, 
as described above, a sudden power supply voltage 
drop may be experienced when the long-range radio 
transmits. The reason for this is that the long-range 
radio often transmits with a relatively high power level 

35 which requires a large supply current from the battery. 
The internal impedance of the battery and the imped- 
ance of the power supply distribution lines result in the 
voltage drop. The person skilled in the art understands 
that a voltage drop may also occur when the power is 

40 supplied by another source than a battery. 

[0045] As discussed above, a power supply voltage 
drop will in many cases affect the frequency of the out- 
put signal from a frequency synthesizer. An open-loop 
modulator is an example of a frequency synthesizer for 

45 which the operation is detrimentally affected by a power 
supply voltage drop. FIG 5a to FIG 5c show timing dia- 
grams illustrating the operation of a conventional dual 
radio communication device. In FIG 5a the power sup- 
ply voltage, V dd , in FIG 5b transmission by the long- 
so range radio and in FIG 5c conventional transmission by 
the short-range radio are shown all as functions of time, 
t. In FIG 5 all time-axes have a common time-scale. In 
this example, as is illustrated in FIG 5c, a conventional 
short-range radio transmits within every first time-slot of 

55 a frame, where each frame is being made up of three 
time-slots. In FIG 5b and FIG 5c it is illustrated that the 
long-range transmitter transmits at the same time as the 
conventional short-range transmitter transmits the sec- 
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ond packet (labeled: ii) and the sixth packet (labeled: vi). 
At the same time as the long-range transmitter trans- 
mits it is illustrated in FIG 5a how the power supply volt- 
age, V dd , drops from V 1 to V 2 . As described above, this 
voltage drop will affect the output frequency, f out , of the 
frequency synthesizer used in the short-range radio 
and, hence, the transmitted frequency. 
[0046] In a first embodiment of the present invention 
the T x Controller 220 (FIG 2) first establishes when the 
long-range radio will commence to transmit and when 
the long-range radio will discontinue to transmit. This 
information is forwarded from the LR/T X Controller 205 
to the T x Controller 220. Next the T x Controller 220 for- 
wards this information to the SR/T X Controller which 
controls the SR/SPU 211 and/or the SR/T X 212 such 
that the short-range radio defers from transmitting dur- 
ing the periods when the long-range radio is transmit- 
ting, i.e. simultaneous transmission is prevented. This 
method of operating a dual radio communication device 
is further illustrated in FIG 9. Preferably the short-range 
radio defers from transmitting from a first point in time 
before the long-range radio commences to transmit, 
illustrated by t-| in FIG 5b, up to a second point in time 
after the long-range radio discontinues to transmit, illus- 
trated by t 2 in FIG 5b. A time-window (from t| to tg) is 
thereby defined during which transmission by the short- 
range radio is avoided. This method of operating a dual 
radio communication device is further illustrated in FIG 
10. FIG 5a ( FIG 5b and FIG 5d show timing diagrams 
illustrating the operation of the first embodiment. In FIG 
5a the power supply voltage, V^, in FIG 5b transmis- 
sion by the long-range radio and in FIG 5d transmission 
by the short-range radio are shown as functions of time, 
t. In FIG 5 all time-axes have a common time-scale. In 
FIG 5b and in FIG 5c it is illustrated how the long-range 
radio transmits at the same time as the conventional 
short-range radio would have transmitted the second 
packet (labeled: ii) and sixth packet (labeled: vi), as is 
indicated in FIG 5d. According to the first embodiment 
of the present invention the second packet (labeled: ii) 
and sixth packet (labeled: vi) are deferred and transmit- 
ted at a later slot. It should be noted that hereby the 
power supply voltage drop illustrated in FIG 5a will not 
occur at the same time as the short-range radio trans- 
mits and thereby not affect the frequency synthesizer of 
the short-range radio. For a packet-switched connection 
the delay of transmission by the short-range radio con- 
stitutes no problem since it only delays the packet deliv- 
ery. However, for a circuit-switched connection a 
problem arises in that an expected packet is delivered 
late. This problem can be solved by introducing a FIFO 
(First-In-First-Out) buffer in both the sending device and 
in the receiving device. It should be noted that only 
packets that may cause collisions are delayed. All other 
packets are transmitted according to the timing of the 
circuit-switched framing. In this way no accumulation 
delay occurs. The new scheme (FIG 5d) provides an 
isochronous flow, but with buffering the isochronous 



flow can be transformed to a synchronous flow, i.e. in 
average the repetition interval (frame length) is con- 
stant. 

[0047] In the case where the transmission burst or the 
s transmitted packet of the long-range transmitter is 
longer than the length of a frame of the short-range 
radio system the dual radio communication device of 
the first embodiment requires a larger buffer due to the 
introduced delay. Furthermore, the long delay reduces 
10 the data capacity of the transmission link in the short- 
range radio system. 

[0048] In a second embodiment of the present inven- 
tion the T x Controller 220 (FIG 2) first establishes when 
the long-range radio will commence to transmit and 

is when the long-range radio will discontinue to transmit 
This information is forwarded from the LFVT X Controller 
205 to the T x Controller 220. Next the T x Controller 220 
forwards this information to the SR/T X Controller which 
controls the SR/SPU 211 and/or the SR/T X 212 such 

20 that the short-range radio defers from transmitting from 
a third point in time before the long-range radio com- 
mences to transmit up to a fourth point in time after the 
long-range radio commences to transmit and from a fifth 
point in time before the long-range radio discontinues to 

25 transmit up to a sixth point in time after the long-range 
radio discontinues to transmit. This method of operating 
the dual radio communication device is further illus- 
trated in FIG 11. 

[0049] In FIG 6a the power supply voltage, V dd , in FIG 

30 6b transmission by the long-range radio, in FIG 6c con- 
ventional transmission by the short-range radio and in 
FIG 6d transmission by the short-range radio according 
to the second embodiment are shown all as functions of 
time, t. In FIG 6 all time-axes have a common time- 

35 scale. The third, fourth fifth and sixth points in time men- 
tioned above are illustrated by t3, t^ t5 and tg, respec- 
tively, in FIG 6b. A first time-window (from t 3 to U) and a 
second time-window (from t 5 to te) are thereby defined 
during which transmission by the short-range radio is 

40 avoided. In FIG 6b and FIG 6c it is illustrated that the 
long-range transmitter transmits at the same time as the 
conventional short-range transmitter transmits the sec- 
ond packet (labeled: ii), third packet (labeled: iii), sixth 
packet (labeled: vi) and seventh packet (labeled: vii). At 

45 the same time as the long-range transmitter transmits it 
is illustrated in FIG 6a how the power supply voltage, 
Vdd, drops from V-i to V 2 . Again, this affects the output 
frequency, f out , of the frequency synthesizer used in the 
short-range radio. FIG 6d shows a timing diagram illus- 

so trating the operation of the second embodiment. 
According to the second embodiment of the present 
invention the second packet (labeled: ii) and sixth 
packet (labeled: vi) are deferred and transmitted at a 
later slot, as is indicated in FIG 6d. This occurs since 

55 these packet would have been transmitted close to the 
point in time the long-range radio commences to trans- 
mit (e.g. during the time-window from t 3 to ti as is illus- 
trated in FIG 6b). The third packet (labeled: iii) and the 
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seventh packet (labeled: vii), however, are not delayed. 
The reason for this is that they are transmitted at a point 
in time which is sufficiently far away from the point in 
time when the long-range transmitter discontinues to 
transmit (e.g. outside the time-windows from t 5 to t 6 as 
is illustrated in FIG 6b). The third and the seventh pack- 
ets will not be affected by the power supply voltage drop 
(from V 1 to V 2 in FIG 6a) occurring at the same time due 
to the transmission by the long-range radio because the 
frequency synthesizer of the short-range radio will 
experience a constant power supply voltage, i.e. V 2 . For 
example, the frequency synthesizer 300 (FIG 3) com- 
prising an oscillator circuit 400 (FIG 4), discussed 
above, will lock (when switch 304 is closed) at a correct 
frequency, flocked- and the lower power supply voltage 
(V2) will not affect this frequency, ffocked- Neither will the 
lower power supply voltage affect the frequency modu- 
lation created by the modulation signal, V mod . What is 
important is to prevent the short-range transmitter to 
transmit when the power supply voltages changes,. L e. 
drops from V 1 to V 2 or increases from V 2 to V 1t To con- 
clude the operation of the second embodiment, only 
short-range radio packet which would normally have 
been transmitted at a point in time being close to the 
point in time the long-range transmitter commences or 
discontinues to transmit are delayed. 
[0050] The T x Controller 220 (FIG 2) may comprise a 
decision unit (not shown) for determining whether a 
packet to be transmitted by the short-range transmitter 
should be transmitted according to the method of the 
first or the second embodiment discussed above. The 
decision unit uses the information when the long-range 
radio will commence to transmit and when the long- 
range radio will discontinue to transmit established by 
the T x Controller 220 and determines whether the dura- 
tion of transmission by the long-range radio transmitter 
will be shorter or longer than the frame length of the 
short-range radio system. The decision unit activates 
either the method of the first embodiment or the method 
of the second embodiment depending on whether the 
duration of transmission is shorter or longer than the 
frame length, respectively. 

[0051] In the examples shown in conjunction with the 
first and the second embodiments it was assumed that 
the frame length of the short-range radio system 
encompassed three short-range slots. To handle the 
possible introduced delays a FIFO buffer capable of 
covering five and four slots, respectively, is required. 
Continuing from these examples, the dual radio commu- 
nication device may support packets with compressed 
data covering three slots, referred to as HV3 packets, 
which are sent (on average) every three slots, covering 
two slots, referred to as HV2 packets, which are sent 
every two slots and covering one slot which is sent 
every slot. In the latter case, referred to as HV1 packets, 
the introduction of a packet delay according to the first 
or the second embodiments discussed above, is not 
possible because all slots are in use. In principle, the 



information of two HV1 packets can be compressed into 
one H V2 packet. For example, if the data to be transmit- 
ted, i.e. the two HV1 packets, originate from speech 
which has been encoded by a full-rate speech coder, 

5 the data can be transformed to data corresponding to 
data which has been encoded by a half-rate speech 
coder. Consequently, the data of each HV1 packet is 
halved and a HV2 packet can therefore be formed com- 
prising the data of the two HV1 packets. In another 

10 example, when error correction coding is used, the error 
correction coding rate can be reduced as a means for 
compressing data. If the error correction coding rate is 
1/3 (HV1 packets), i.e. the data comprises threefold 
redundancy, an error correction coding having an error 

15 correction coding rate of 2/3 (HV2 packets) or no error 
correction coding at all (HV3 packets) can be used. By 
reducing the error correction coding rate the information 
of each packet can be increased while keeping the 
same size of the packet. 

20 [0052] In FIG 7a the power supply voltage, V dd , in FIG 
7b transmission by the long-range radio, in FIG 7c con- 
ventional transmission by the short-range radio and in 
FIG 7d transmission by the short-range radio according 
to the third embodiment are shown all as functions of 

25 time, t. In FIG 7 all time-axes have a common time- 
scale. In FIG 7b and FIG 7c it is illustrated that the long- 
range transmitter transmits at the same time as the con- 
ventional short-range transmitter transmits a number of 
packets. At the same time as the long-range transmitter 

30 transmits it is illustrated in FIG 7a how the power supply 
voltage, V dd , drops from to V 2 . Again, this affects the 
output frequency, f oul , of the frequency synthesizer used 
in the short-range radio. In FIG 7c it is illustrated how a 
conventional short-range radio transmits packets, HV1, 

35 with compressed data covering one slot which is sent 
every slot. 

[0053] In a third embodiment of the present invention 
the T x Controller 220 (FIG 2) establishes, in the same 
manner as in the second embodiment, the point in time 

40 the long-range transmitter commences or discontinues 
to transmit. According to the third embodiment, how- 
ever, the short-range radio HV1 packets which would 
normally have been transmitted at a point in time being 
close to the point in time the long-range transmitter 

45 commences or discontinues to transmit are not only 
delayed but also replaced by HV2 packets. FIG 7d 
shows a timing diagram illustrating the operation of the 
third embodiment. Compared to the conventional short- 
range radio system, a FIFO buffer capable of covering 

50 two slots is required to be able to defer transmission of 
a synchronous packet by one slot. 
[0054] The method of operation of the third embodi- 
ment can be generalized in that an HV1 packet which 
has been delayed n slots is replace by an HVm packet, 

55 where n is an integer and m = n + 1 . In this case a 
FIFO buffer capable of covering m slots is required. 
[0055] The short-range radio normally comprises a 
receiver frequency synthesizer (not shown) for generat- 
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ing reference frequencies which are used by the short- 
range radio receiver. The frequency synthesizer may 
differ from the frequency synthesizer discussed above 
in conjunction with FIG 3 and FIG 4 in that the switch 
304 (FIG 3) is replaced by a fixed connection corre- 5 
sponding to the switch being closed and in that no mod- 
ulation signal, V mod , is applied. The latter means that 
the third resistor 407 (FIG 4) can be removed. The oper- 
ation of the receiver frequency synthesizer corresponds 
to the operation of the frequency synthesizer of FIG 3 w 
and FIG 4 as discussed above when the switch 304 
(FIG 3) is closed. Although the receiver frequency syn- 
thesizer is operating in a closed loop a change of the 
potential of the power supply may still affect the output 
frequency. Consequently, and in accordance with the 75 
discussion above, when the long-range radio com- 
mences or discontinues to transmit the potential of the 
power supply may change which may lead to a change 
of the output frequency of the receiver frequency syn- 
thesizer. This change of frequency may affect the 20 
receivers ability to receive a radio signal in the short- 
range radio system. 

[0056] In FIG 8a the power supply voltage, V^, in FIG 
8b transmission by the long-range radio, in FIG 8c con- 
ventional transmission by the short-range radio and in 25 
FIG 8d transmission by the short-range radio according 
to the fourth embodiment are shown all as functions of 
time, t. In FIG 8 all time-axes have a common time- 
scale. In FIG 8b and FIG 8c it is illustrated that the long- 
range transmitter transmits at the same time as the con- 30 
ventional short-range transmitter transmits a number of 
packets. At the same time as the long-range transmitter 
transmits it is illustrated in FIG 8a how the power supply 
voltage, V^, drops from V-, to V 2 . In FIG 8c it is illus- 
trated how a conventional short-range radio transmits 35 
packets, HV1, with compressed data covering one slot 
which is sent every slot. 

[0057] In this embodiment it is assumed that each 
time-slot is partitioned into two pre-defined parts. In the 
first part the short-range radio of the dual communica- 40 
tion device is allowed to transmit, i.e. another short- 
range radio is receiving. In the second part the short- 
range radio of the other short-range radio is allowed to 
transmit, i.e. the short-range radio of the dual communi- 
cation device is receiving. 45 
[0058] In the fourth embodiment of the present inven- 
tion the T x Controller 220 (FIG 2) establishes, in the 
same manner as in the second embodiment, the point in 
time the long-range transmitter commences or discon- 
tinues to transmit. Short-range radio HV1 packets which so 
would normally have been transmitted at a point in time 
being close to the point in time the long-range transmit- 
ter commences or discontinues to transmit are delayed 
and replaced by HV2 packets in the same manner as in 
the third embodiment. Furthermore, the T x controller 55 
220 of the fourth embodiment also delays the transmis- 
sion of a HV1 packet and replaces it by a HV2 packet if 
the point in time the transmitter commences or discon- 



tinues to transmit occurs during the same time-slot as a 
packet is scheduled to be received by the short range 
receiver 214. The advantage of this is that if another 
short-range radio device is only allowed to transmit in a 
time-slot where it has received a transmitted packet 
from the short-range radio of the dual radio communica- 
tion device, the dual radio communication device can 
control the transmission of this other short-range radio 
device such that it occurs only during periods of time 
when the dual radio communication device knows that 
its long-range radio transmitter will not commence or 
discontinue to transmit. 

[0059] Consequently, the short-range radio receiver of 
the dual radio communication device does not need to 
receive a short-range radio signal during periods of time 
when the receiver frequency synthesizer may be dis- 
turbed due to a change in the potential of the power 
supply. In a particular implementation a master-slave 
relationship may be established between two or more 
short-range radio devices. For example, a hands-free 
equipment comprising a short-range radio for communi- 
cating with a dual radio communication device, such as 
a cellular phone, may be set as the slave while the dual 
radio communication device is set as the master. 
According to the fourth embodiment of the present 
invention the cellular phone may now control the trans- 
mission of the short-range radio of the hands-free 
equipment such that the long-range radio transmitter of 
the cellular phone does not commence or discontinue to 
transmit at the same time as the hands-free equipment 
transmit by means of its short-range radio. 
[0060] Referring to FIG 8, it is illustrated how a HV1 
packet which was scheduled to be transmitted at a point 
in time being close to the point in time the long-range 
radio commences to transmit is delayed and replaced 
by a HV2 packet. It is also illustrated how a HV1 packet 
which was scheduled to be transmitted in a time-slot 
when the long-range radio discontinues to transmit is 
delayed and replaced by a HV2 packet. Note that if a 
packet is scheduled to be received during this time-slot 
it will be received when the long-range radio discontin- 
ues to transmit. From FIG 8d it is clearly seen that if 
another short-range radio is limited to transmit in time- 
slots where it has received a transmitted packet the dual 
radio communication device can control the transmis- 
sion of the other short-range radio device such that a 
time-window, labeled R in FIG 8d, which normally is 
available for transmission by the other short-range 
radio, is avoided. 

[0061] The method of operation of this other short- 
range radio communication device is further illustrated 
in FIG 12. 

[0062] In the four embodiments discussed above 
transmission within the short-range radio system is 
delayed whenever disturbances may be experienced 
due to the long-range radio transmitter. It should be 
understood that, in the cases where this is possible, 
transmission within the short-range radio system may 
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equally well be advanced as long as the critical periods 
of time are avoided. 

[0063] In general, the long-range radio system may be 
referred to as a first radio system and the short-range 
radio system may be referred to as a second radio sys- s 
tern. 

[0064] The man skilled in the art will understand that 
the present invention is not limited to the examples dis- 
cussed above. For example, a frame may consist of any 
number of slots and the methods of operation described 10 
in the first, second, third and fourth embodiments above 
may be combined depending on the particular imple- 
mentation of the long-range and short-range radio sys- 
tems. 

15 

Claims 

1. A method of operating a communication device 
comprising circuitry for non-continuous transmis- 
sion in a first radio system and circuitry for non-con- 20 
tinuous transmission in a second radio system, the 
method comprising the step of: 

avoiding transmission by the communication 
device within the second radio system which is 25 
planned to occur at the points in time the first 
radio system will commence or discontinue to 
transmit. 

2. A method of operating a communication device 30 
according to claim 1 wherein transmission by the 
communication device within the second radio sys- 
tem which is planned to occur during periods of 
time the first radio system will transmit is avoided. 

35 

3. A method of operating a communication device 
according to claim 1 or claim 2 wherein transmis- 
sion by the communication device within the sec- 
ond radio system is avoided by delaying 
transmission within the second radio system. 40 

4. A method of operating a communication device 
according to claim 1 or claim 2 wherein transmis- 
sion by the communication device within the sec- 
ond radio system is avoided by advancing 45 
transmission within the second radio system. 

5. A method of operating a communication device 
according to any one of the preceding claims 
wherein transmission within the second radio sys- so 
tern takes place as bursts, each burst being trans- 
mitted within a time-slot of a frame and each frame 
being made up of a number of time-slots, wherein 
when transmission is avoided in a time-slot it is 
avoided during at least the whole of that time-slot. 55 

6. A method of operating a communication device 
according to any one of the preceding claims fur- 



ther comprising the steps of: 

acquiring information representing the point or 
points in time the communication device will 
commence and/or discontinue to transmit 
within the first radio system; 
acquiring information representing the point or 
points in time the communication device is 
scheduled to commence and/or discontinue to 
transmit within the second radio system; 
establishing from the acquired information 
whether transmission within the second radio 
system is planned to occur at points in time the 
first radio system will commence or discontinue 
to transmit. 

7. A method of operating a communication device 
according to any one of the preceding claims fur- 
ther comprising the steps of: 

establishing a time-window starting at a first 
point in time before and ending at a second 
point in time after the point of time the commu- 
nication device will commence and discon- 
tinue, respectively, to transmit within the first 
radio system; 

avoiding transmission by the communication 
device within the second radio system which is 
planned to occur during the time-window. 

8. A method of operating a communication device 
according to claim 7 wherein transmission within 
the second radio system takes place as bursts, 
each burst being transmitted within a time-slot of a 
frame and each frame being made up of a number 
of time-slots, wherein the first point in time is set to 
substantially correspond to the starting point of a 
time-slot and the second point in time is set to sub- 
stantially correspond to the ending point of a time- 
slot. 

9. A method of operating a communication device 
according to any one claim 1 to claim 6 further com- 
prising the step of: 

establishing a first time-window starting at a 
first point in time before and ending at a second 
point in time after the point of time the commu- 
nication device will commence to transmit 
within the first radio system; 
establishing a second time-window starting at a 
third point in time before and ending at a fourth 
point in time after the point of time the commu- 
nication device will discontinue to transmit 
within the first radio system; 
avoiding transmission by the communication 
device within the second radio system which is 
planned to occur during the first or the second 
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time-window. 

10. A method of operating a communication device 
according to claim 9 wherein transmission within 
the second radio system takes place as bursts, s 
each burst being transmitted within a time-slot of a 
frame and each frame being made up of a number 

of time-slots, wherein the first point in time and the 
third point in time are set to substantially corre- 
spond to the starting points of time-slots and the 10 
second point in time and the fourth point in time are 
set to substantially correspond to the ending points 
of a time-slots. 

11. A method of operating a communication device is 
according to any one of claim 5, claim 8 or claim 10 

in so far as dependent on claim 3 further compris- 
ing the step of: 

determining if a packet to be delayed, as a 20 
result of delaying transmission within the sec- 
ond radio system, includes compressed data 
covering one slot and if so replacing the packet 
to be delayed with a packet of the type corre- 
sponding to compressed data covering several 25 
slots. 

12. A method of operating a communication device 
according to claim 11 wherein the packet to be 
delayed is replaced with a packet of the type corre- 30 
sponding to compressed data covering two slots. 

13. A method of operating a communication device 
according to claim 11 further comprising the step 

of: 35 

establishing the number of slots, set equal to n, 
the packet to be delayed will be delayed, 
and wherein the packet to be delayed is 
replaced with a packet of the type correspond- 40 
ing to compressed data covering m slots, 
where m is equal to n + 1 . 

14. A communication device (200) for communication 

in a first radio system and in a second radio system 45 
comprising: 

a first radio transmitter (202) for transmitting a 
signal to a radio apparatus in the first radio sys- 
tem, 50 
first controller means (205) for controlling the 
operation of the first radio transmitter, 
a second radio transmitter (212) for transmit- 
ting a signal to a radio apparatus in the second 
radio system, 55 
second controller means (215) for controlling 
the operation of the second radio transmitter, 
wherein the second controller means is 



20 

adapted to avoid transmission by the second 
radio transmitter which is planned to occur at 
the points in time the first radio system will 
commence or discontinue to transmit. 

15. A communication device (200) according to claim 
14 wherein the second controller means (215) is 
adapted to avoid transmission by the second radio 
transmitter which is planned to occur during periods 
of time the first radio system will transmit. 

16. A communication device (200) according to claim 
1 4 or claim 1 5 wherein the second controller means 
(215) is adapted to avoid transmission by the sec- 
ond radio transmitter by delaying the transmission. 

17. A communication device (200) according to claim 
1 4 or claim 1 5 wherein the second controller means 
(215) is adapted to avoid transmission by the sec- 
ond radio transmitter by advancing the transmis- 
sion. 

18. A communication device (200) according to any 
one of claim 14 to claim 17 wherein transmission 
within the second radio system takes place as 
bursts, each burst being transmitted within a time- 
slot of a frame and each frame being made up of a 
number of time-slots, wherein when transmission is 
avoided in a time-slot, the second controller means 
(215) is adapted to avoid the transmission during at 
least the whole of that time-slot. 

19. A communication device (200) according to any 
one of claim 14 to claim 18 further comprising: 

calculation means (220) for establishing a time- 
window starting at a first point in time before 
and ending at a second point in time after the 
point of time the communication device will 
commence and discontinue, respectively, to 
transmit by means of the first radio transmitter, 
calculation means (220) for establishing if the 
second controller means is scheduled to trans- 
mit by means of the second transmitter during 
the time-window. 

20. A communication device (200) according to claim 
19 wherein transmission within the second radio 
system takes place as bursts, each burst being 
transmitted within a time-slot of a frame and each 
frame being made up of a number of time-slots, 
wherein the calculation means (220) is adapted to 
set the first point in time to substantially correspond 
to the starting point of a time-slot and the second 
point in time to substantially correspond to the end- 
ing point of a time-slot. 

21. A communication device (200) according to any 
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one of claim 14 to claim 18 further comprising: 

calculation means (220) for establishing a first 
time-window starting at a first point in time 
before and ending at a second point in time 
after the point in time the first controller means 
will commence to transmit by means of the first 
radio transmitter, 

calculation means (220) for establishing a sec- 
ond time-window starting at a third point in time 
before and ending at a fourth point in time after 
the point in time the first controller means will 
commence to transmit by means of the first 
radio transmitter, 

calculation means (220) for establishing if the 
second controller means is scheduled to trans- 
mit by means of the second transmitter during 
the first or the second time-window. 

22. A communication device (200) according to claim 
21 wherein transmission within the second radio 
system takes place as bursts, each burst being 
transmitted within a time-slot of a frame and each 
frame being made up of a number of time-slots, 
wherein the calculation means (220) is adapted to 
set the first point in time and the third point in time 
to substantially correspond to the starting points of 
time-slots and the second point in time and the 
fourth point in time to substantially correspond to 
the ending points of a time-slots. 

23. A communication device (200) according to claim 
16 or any one of claim 18 to claim 22 in so far as 
dependent on claim 16 further comprising 

means for determining if a packet to be 
delayed, as a result of delaying transmission 
within the second radio system, includes com- 
pressed data covering one slot, 
means for replacing the packet to be delayed 
with a packet of the type corresponding to com- 
pressed data covering several slots if the 
packet corresponds to a packet with com- 
pressed data covering one slot. 

24. A communication device according to claim 23 
wherein the means for replacing the packet to be 
delayed replaces the packet with a packet of the 
type corresponding to compressed data covering 
two slots. 

25. A communication device according to claim 23 fur- 
ther comprising: 

means for establishing the number of slots, set 
equal to n, the packet to be delayed will be 
delayed, 

and wherein the means for replacing the packet 



to be delayed replaces the packet with a packet 
of the type corresponding to compressed data 
covering m slots, where m is equal to n + 1 . 

s 26. A communication device according to any one of 
claim 14 to claim 25 further comprising: 

an open-loop modulator for generating a signal 
to be transmitted by the second radio transmit- 
w ter. 

27. A communication device according to claim 26 
wherein the open-loop modulator comprises an 
voltage controlled oscillator which incorporates a 

is capacitance diode. 

28. A method of operating a communication device 
comprising circuitry for communication in a radio 
system in which transmission takes place as bursts, 

20 each burst being transmitted within a time-slot of a 
frame and each frame being made up of a number 
of time-slots, the method comprising the steps of: 

i) establishing information representing the 
25 points in time a time-slot begins and ends; 

ii) receiving a transmitted radio burst in the 
radio system; 

iii) establishing whether the received radio 
burst is received during said time-slot; and 

30 iv) allowing returned transmission within the 

time-slot only if a packet was received during 
the time-slot. 

29. A communication device for communication in a 
35 radio system in which transmission takes place as 

bursts, each burst being transmitted within a time- 
slot of a frame and each frame being made up of a 
number of time-slots, the device comprising: 

40 a radio transmitter for transmitting a signal to a 

radio apparatus in the radio system, 
controller means for controlling the operation of 
the radio transmitter, 

a radio receiver for receiving a transmitted 
45 burst from a radio apparatus in the radio sys- 

tem, 

first means for establishing information repre- 
senting the points in time a time-slot begins 
and ends, 

so second means for establishing whether a 

received radio burst is received during said 
time-slot, the communication device being 
characterized in that: 

the controller means allows the radio transmit- 
55 ter to transmit during said time-slot only if a 

radio burst has been received during the time- 
slot. 
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